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Figure 1.  Stereograph!c (left) versus Orthographic (right) 
Projections of a Solid Object onto a Plane 

II.  RECTIFICATION TO TRUE SIZE 
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Figure 3.  Rectification of a Single Im gie Image 
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In real life, this can be done with a drafting scale and a 
soft pencil directly on a radiograph, or on a sheet of tracing 
paper over the radiograph, or by digitizing the film, performing 
the appropriate calculations on a computer, and plotting the 
results at a convenient scale.  Note that the figure shows the 
entire setup geometry, including the x-ray tube head and object in 
space, while the rectification is actually performed only on the 
film, dissociated entirely from the exposure setup in the test 
area. 

Eac 

would h 
orthogr 

to us 1 
(flat) 
the gra 
shown a 
source 
image. 

and the 
points 
circle. 

h im 

ave 
apic 

n dr 
radi 
phic 
bove 
poin 
The 

rec 
as d 

age i 

were 
proj 

af tin 
ograp 
al re 
. Li 
t (PI 
corr 

tifie 
esire 

n turn is rectified to the size and position it 
it projected onto the film by a conventional 
ection.  (The orthographic projection is familiar 
g and blue print reading.)  Figure 4 represents a 
h in the image plane in Figure 2.  It illustrates 
ctlfication procedure of the image from the setup 
ghtly drawn pencil lines radiate from each sub- 
, P2 , P3) thru the feature of interest on each 
ected point is indicated on each line by a dot, 
d images shown as dashed lines.  As many or as few 
d may be done, as indicated in the case of the 

A helpful trick, which reduces 
done on the film, is to locate a s 
source point (P) and its edge pas 
In question. Read off the distanc 
the correction factor K - 1/M, the 

overlay at that distance. Certain 
factors and scale divisions can be 
process easier. A correction fact 
into tenths eliminates the need fo 
Instead, the process is done menta 
subtracting 0.1 inch or centimetre 
measured, 0.01 unit for each fract 
process is illustrated in Figure 5 
cation factor of 0.875 and a scale 
other combination where scale fact 
are equally suitable. 

the amount of drawing actually 
cale with its zero on the sub- 
sing through the image feature 
e to the feature, multiply by 
n put a tic mark on the film or 
combinations of projection 
intentionally used to make this 

or of 0.9 and a scale subdivided 
r computing new lengths, 
lly on the scale itself by 
for each inch or centimetre 

ional tenth, and so on. The 
.  A combination of a magnifi- 
divided into eighths  or any 

or plus subdivision add to unity 

III.  TWO EXAMPLES 

The technique discussed above can be used to best advantage 
where the rectified image is required to be full size  and the 
number of points handled is relatively small.  For example, it 
is used to determine the true horizontal and vertical angles of 
trajectories.  To illustrate this, consider the problem en- 
countered during the development of the pusher plate deflector. 
An expendable plastic device with a hole thru it to pass the 
projectile is aligned to the shot trajectory.  When the pusher 
plate and obturator strike it, the pusher plate is deflected off 
the shot line.  Changes in its geometry strongly influence the 
deflection angle.  To find out this relationship, numerous 
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Figure 4.  Graphical Construction Rectifying the Three Images 
on a Piece of Film in the Image Plane Shown in Figure 2 

IMAGE FEATURE-* 
AT 4.80 UNITS 

ACTUAL FEATURE 
LOCATION 

COUNT BACK 
4.8 TENTHS OF 
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DRAW TIC 

SUB-SOURCE 
POINT 

• 

Figure 5.  Sneaky Trick to Determine True Position of Point 
on Film Using Decimal Scale When k = 0.9 
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experimental deflectors were used in conjunction with required 
terminal ballistic tests.  Determination of the path of the pusher 
plate was only incidental to the basic test, so the x-ray timing 

IMAGES   OF 
PUSHER PLATE 

TRUE  ANGLE   IN 
VERTICAL   PLANE 

FIDUCIAL WIRES FOR TUBES 

Figure 6.  Determining True Projection Angle of 
Trajectory from Images on Film 
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rod sinks into a target.  It is suspected 
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(OTHER IMAGES   OMITTED FOR CLARITY) 

Figure 7. Testing the Alternate Hypotheses that Tubes 
Flashed Sequentially or Simultaneously 

and 

IV.  A SECOND RECTIFICATION METHOD 

A strictly graphical method for rectifying images is suitable 
for use when all objects are in the same plane parallel to the film 
and the magnification factor is the same for each image.  This 
second method takes advantage of the fact that each independent 
image is just a magnified view of the items in its object plane. 
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In Figure 8, two separate heads are projecting portions of an 
imaginary grid representing the range coordinate system onto the 
film plane below.  Each grid square in the image is enlarged by 
the magnification factor M.  Viewed relative to PI, everything 
from the first head maintains its same relative position, and is 
just magnified uniformly.  The same is true for the image pro- 
jected by the second head.  However, the distances between a point 
in the first area and another point in the second area vary in a 
seemingly complex fashion.  For example, though the distance from 
PI to P2 is the same in object and image, the distance between U' 
and V  is much smaller than actually is the case for the object 
points U and V.  Conversely, the image distance is increased 
between points on opposite sides of their respective sources. 

J* s 

MA 

MA 

OBJECT 
PLANE 

IMAGE 
PLANE 

Figure 8.  Relationship Between Real and Virtual Source Point 
Locations in Three Dimensions when Graphically 

Rectifying Multi-flash Radiographs 
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If the second image area were moved so that It was centered on 
the point P2 where 02 would be projected on the Image plane by the 
first tube, then everything in the displaced image would be in its 
proper place relative to PI, just magnified by the factor M.  To 
illustrate, the distance U'V is just M times the distance UV. 
The light dashed lines from PI thru U and V show the effect of 
this transformation. 
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everything in the first image on 

e appropriate scale.  A better 
vlous:  cut out the region around 
drawing centered at the first 

ed to cut out and paste the region 
d scaled point (and appropriately 
ube, until the job is done. 
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radiographs are horribly overwritten, so t 
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This method is very suitable for preparing report illustra- 
tions.  The resulting outline drawings produce very good copy 
quality under the most unfavorable reproduction conditions, while 
tremendous care is required to produce even marginally acceptable 
visual material from even the best quality radiographs.  Informa- 
tion is conveyed quickly and easily in the tracings of the feature 
outlines, and at the same time, extraneous material such as multi- 
ple shadows, images of breakscreens, strands of wire, debris, and 
defects in the film are all excluded. 
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The only drawback to this second method is the increased scale 
of the drawings.  Where it is desired to measure a considerable 
quantity of material directly from a rectified sketch of this 
nature, it is useful to prepare a ruler graduated to this in- 
creased scale .  In the absence of access to a copy camera (where a 
real ruler can be photographed at any increased scale), one can 
easily do the job graphically using similar triangles as shown in 
Figure 9.  To avoid lots of work, use a technique familiar to 
I!!^?7?^ 0r *raf,ts***'      Graduate only the major divisions, then 
subdivide a single division in the opposite direction beyond zero 
to whatever degree of fineness is required.  Distances are meas- 
UI!;  y u  L 8 the aPProPriate najor division on one feature and 
adding the distance from zero to the fine graduation that lines up 

^  J   t^l.^^^'      A Clear flat SCale graduated on the face touching the film is the best arrangement. 

GENERATE 
CUSTOM 
SCALE 

USE 
AVAILABLE 
SCALE 

Figure 9.  Generating a Custom Scalp -for Reading Magnified Images 

In closing, it should be noted that rectification of radio- 
graphic images is seldom necessary except when doing ballistic 
work for phenomenology, when preparing graphical material, or when 
troubleshooting.  However, when it is necessary, the product 
cannot be any more accurate than the location of the fiducials on 
the film relative to the tube heads, or than the accuracy to which 
the magnification factor is known.  Thus, where accurate results 
are required, careful measurement of the geometry of the 
radiographic range is necessary. 
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